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r. » 
» "* 

n 

Although examples of light emitting elements 
utilizing group III-V compound semiconductors include those 
adopting GaAsi- : ,P, : (0<x<l) , Gai- x Al,As (0<x<l) , Gai- x In x P 
(0<x<l), GaP, Gai_ y Al x P (0<x<l) / Irii_ x Al x P (0<x<l), and the 
like, all of them have provided red, yellow, and yellowish 
green light emitting elements only. There has been further 
proposed a light emitting element utilizing GaN, as one for 
a color from dark green to blue (or violet) . However, GaN 
has a forbidden band gap as large as 3.39 eV at 300°K, 
which corresponds to ultraviolet light among rays. It is 
thus necessary to utilize transition of electron through an 
appropriate impurity level, so as to obtain visible light 
by using GaN . However, it has been unclear as to whether 
an appropriate impurity is existent in this case. 
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5g b < t* B e S e*5> & S£«±fCftftJI <t L X n 
&Ga t -xInxNfiA0jl$ft;gftjl-*L&ftC 

#5£9Jtt G a N 4 I n N©fgJI,> 1" tt^SGai 
-xlnxN (°<x< i) *ffl^fcBTajt»jt*^ 
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m - v mit&m^mfrzm^tz&itm* t l x 

(iGaAsi-xPx ( o < x < > )> Ga,_ x A^ x 
As(o<x<i), Ga,_ x In x P( o <x < l), 
GaP, Ga,_ x A^ x P( o<x< i \ In,_ x 

A^ x p(° <*< « 

3g<*ftX(^* 0 Ufrbttrt^G a NC^fWdtt 
3 0 0 °KX3.3 9 eV #T?(r 
^ttcffl^-r^o 5£^>X GaN *ffl^TBT«jt*» 



^«Ga,-xIn x N( o<x< i ) <Ot%— 
25 fc, Ga,_xInxN^ffl^/c®n/coJ^%jtft 

@t$t^B*©tEffl ^©^ii^^tt-r^fcfflX^So 

B p 1 1 BA s 1 1 1 tffc4#fcflr«**»r«****©«ilcK*»^ 

G a P 1 1 1 3£ig, a-S iCOOO ll X x l«J(JiS±KiMibTGa,- x InxN 

<R, ZnO 0 0 0 1$»'<!:CFt77')t00Ol 30 m&CJS^JMSjSft-fetb J6-5 C 4£4$®t4 t X^ 

E±ftJ&ftS-e*:B eS , ZnO , Bp, Xli £o "f, Ga , _ x I n x NSSCJi* P ng^ 

G a N©J&KJia» feiD'B e S5gb ^tflit^^ 4*>*X# 5 Q X nMGai_ x Ir>x 

<«iB e S eA^fiKS^t/-7-^f>iHftlfc— ffl Ni&SCSfc-f-if Mi n t>-3««-|&ftsJSI 4 

CD*^±(C, t!(ft)S4 UXGa,_xInxNSSO f 5 C 4#ttJ?k3 0 

«^mffifiK*-*UJ65 Ci &lft®L£-?Z Gai_x 55 {lUMti#;S, i ttiffiSfttGa , _ x I n x NXW 

2 pI©B p*L <liBA sXiiiSfiKOBeS *56WK*f^X, jgi2Jtt£« 4 L Xtt, 
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B P 1 1 1 mm.^ B A s 1 1 a- 
S i C 0 0 0 1 mWL^ Z n 0 0 0 0 1 X« 
1T7T-f *0 0 0 lSifcJSJtgS-frfcBeS.ZnO, 

TpS©BP3gl, <HBAsWfc5, X> A 
fflKGDB eSSL <«BeSe*abRiLTnl! 
Gaj-xInxNitDniS^i^lJffltSC £#7? 

l : 

*XJI0|H:* G a N&A£ I n Njf£ 0 s B £ 
*ja***fcfe©T«* 0 GaN £ I nN £>glj^ 

* > ^^jsK«fc j; § © £:# 6 

Ga^xInxNCD/fCDJ^^US — 1 0 ^Tr£-o 

Jfc K xMB«f K J: 0 ttA®tt?£ft«M£ L , 
X^cD^iR^Sij^-r 5 c £ it J: *> KKSeXflifflf 

IEI«flltt»CGa 1 _xInxN«t"© InN <©*^tfcx - 
*\ «WCJWW*«Eg(eV) £«^-5gtta(ft*J 

£tf c$££^-f 0 
X»EIW©*»ie:j:!5, Gai_ x In x N*A© 

K^*^bG ai --xInxNyga e B ^iSSS#S^ . 

ft 1 mfrhWhfra^oti Ga,_xIn x NffiA 

— ^SSiJSIBEg \t xK^LOOMOffiigg^ - 
ML, CaN £ InNOE g*#ittfcj&|iT3|^ 
fc<BTIi Ga i —x I n xNftAO E g <2>fi£j£^T* 

ifcJCZn ,Cd ,Mg ,Be , Ge ,Cu©«tt^jW* 



4 

Z n* K-^LfcGa^xInxNiSA^lBfllJSn 
5 Gao. 4 Ino, 6 N(Zn) Tit 2 eVJ^TcD^ 

W *Attna**«:T?*l9^ 3 0 0°KT 1-1000 
ohm-cwi<Otb«aJSit*^o IR2EUitt;iSfi<jflj 
ttttO n ffi Ga 3 _ x I n X N i&A® JUtttS^ttti- 
2ttGa,_ x InxN©Ji > 3 I n ®M 

aK«»^#*^t>mKOio.eIno.4NTirfe 

7 *£«±K: Ga , - x I n x NOl*M$ 

K 3 Btt jfc ct «9 tf=j£ $ tltz H * *M * 

ttGa,- x In x N©lTni¥i|ft"eS4 0 3£ 

6 tt«ttMS*T Z n ^ttpMGa,- 
x In x NO@T^5 nlGaj-xInxN©! 2 
30 5 — 1 0 plGa,- x In x N©I6© 

1 0 3 ~1 0° ohm-CTiTf^-0/c 0 Hffi4^7"7^ 
ftx©/h*o^( x<0.3 JMRfeic 

nmn 3 : 
***«"c«**ifAai**«fflt^tifeo bp, 

40 B As ©111®, GaPOl l if, a-SiC 
®0 0 0 1fc ZnO <2>0 0 0 1 ffi^ffi^btt 
Xt77^(A^0 3 )±ICif^S/t 
£ BeS,ZnO,BP,GaN £ 
il^-tOiiCGai-xInxNcDji^fis' 
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l«t«5HIC*to *3H, «4Hi|51-«Ff 10 nm i &<Dm*tmm&-tkL#>& C 4*BTt|lcr* 

ttWtk©**t 0 ig5e|-*Mt«3 , 4<&lfflK'< fe©^ Se*©GaP,GaAs,_xPx, IiU-x 

fel±©*««|Ti±, «**CS#^*ftftJg*J »1BttGa,- x InxN(0<x<l ) fiAO 

WifplCBP^ BAs X«SSSt© Be S e /cGa,_ x In x N (DmtTjklrWV&Zo 

.4, nMCGaj-xInxNi^f P^ffll> Bfcfc^T* 1 2ttnfflGa 1 -. x 

htf»-^ttO>Pia-ft'©^>56jt*'?**We>h*o ln x N©l, 3«»ffi^ 4«»& 5**293 4:9 
C ©«tt*it©»**-7-«#*Cfll«fr & ( X 6 pfiOGa, _ x InxNOI, 
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